Background: β-lactam antibiotics represented the oldest class of antibiotics used in the treatment of infections in human being, livestock, and aquaculture. Drugs residues in the edible tissues or foodstuffs of animal pose a potential threat to human health. At present, extensive antibiotic resistant strains are now being detected and the development of antibiotic-resistant strains of epidemic and zoonotic pathogens is a major concern. Therefore, the purpose of this study was to estimate the extent of β-lactam antibiotics-HSA/BSA conjugations via three conjugation methods by using high performance liquid chromatography (HPLC) with ultraviolet (UV) detector. We wish that the technique will be applied to preliminarily detect the residues of β-lactam antibiotics may persist in edible tissues or foodstuffs in the livestock and aquaculture farms in clinical.
Introduction
The prototype β-lactam is penicillin, a natural compound first isolated in 1928. Modifications of side chains of penicillin eventually led to the discovery of various related compounds with different pharmacodynamic and pharmacokinetic properties, antimicrobial spectra and side-effect profiles [1] . β-lactam antibiotics are the most commonly prescribed antimicrobial in both the hospital and community settings and remain one of the safest antimicrobials prescribed [2] . Additionally, in the livestock industry, β-lactam antibiotics have been widely used in animal production for chemotherapeutic growth promoters and infectious diseases treatments such as mastitis and pneumonia [3] . In aquaculture, many antibiotics are allowed for use in aquaculture as β-lactam antibiotics worldwide. Antibiotics in aquaculture are administered through the feed or culture water. Therefore, there can be accumulation of antibiotics in water and sediments which can contaminate the aquatic ecosystem. In addition, some antibiotics from intensive livestock can also be released into the environment and reach water resources [4] . In Taiwan, the use of antibiotics in the aquaculture is more valued. Therefore, there are only 14 antibiotics as amoxicillin, ampicillin etc. allowed in the Taiwan aquaculture by Taiwan government. β-lactam antibiotics represented the oldest class of antibiotics used in the treatment of infections and were generally available for parenteral application and widely used in clinical practice [12] . Antibiotics are belonged to haptens that molecule weight (MW) is too small to produce antibodies. When haptens conjugated with SA, high MW of the conjugates is enlarged to produce hapten antibodies [6, 11] . These antibiotics are low MW structures and the immunological responses are still an exciting area of investigation. β-lactam antibiotics were able to interact covalently with serum proteins and formed immunogenic conjugates to provoke a number of different antigenic determinants that have been implicated in the specificity of the immunological response [13] . Therefore, understand of the conjugation of β-lactam antibiotics and SA will be favorable for antibody production in the future. In this study, the purpose of this study was to estimate the extent of β-lactam antibiotics-HSA/BSA conjugations via three conjugation methods by using HPLC with UV detector.
Materials and Methods

Chemicals
In this study, three β-lactam antibiotics, amoxicillin (AMX, Pfizer, New York, NY, USA), ampicillin (AM, Bayer, Wuppertal Germany), and penicillin G (PG, Sigma-Aldrich, Louis, MO, USA) were used. Human serum albumin (HSA), bovine serum albumin (BSA), glutaraldehyde, and pentobarbituric acid were also purchased from Sigma-Aldrich ( Figure 1A ,1B and 1C).
The HPLC system consisted of a LC1022 Plus (Perkin-Elmer, Bridgeport, CT, USA), Degasys DG-1210 (Uniflows, Tokyo, Japan), a chromatointegrator (PE Nelson 1022; Perkin-Elmer), Cosmosil 5C18-AR-300 column (4.6 × 250 mm, Nacalai, Kyoto, Japan), and an UV detector
Apparatus and detection conditions
Detection of the β-lactam antibiotics-HSA/BSA conjugates SA (HSA and BSA), β-lactam antibiotics (AMX, AM, and PG), and conjugates were diluted with PBS to form 1 mg/mL. A volume of 20 μL of each was injected into the HPLC system. First, the mobile phase was depleted of gas using Degasys DG-1210, which included 100% acetonitrile with 0.05% trifluoracetic acid (TFA) (Baker, Phillipsburg, NJ, USA) and 5 mM, pH 6.5 KH 2 PO 4 at a ratio of 40 : 60 (v/v). The β-lactam antibiotics-HSA conjugates solutions were transported with LC1022 Plus and separated with a Cosmosil 5C18-AR-300 column (4.6 × 250 mm) (Nacalai, Kyoto, Japan). The flow rate in our analysis system was 0.4 mL/min for HSA-related products and 0.6 mL/min for BSA-related products. The wavelength of 210 nm in UV detector was set to detect the β-lactam antibiotics [14] , HSA/BSA, and β-lactam antibiotics-HSA/BSA conjugates. Additionally, a chromatointegrator was used in the analyses of the data.
Statistical analysis
Experiments were conducted in triplicate. Mean ± SD was calculated, and statistical analysis was performed using Excel student's t-test. Three conjugated methods (CCM, GCM, and PCM) were performed. CCM was followed as 415 µM of each β-lactam antibiotics, l-ethyl-3-(3dimethylaminopropyl)-carbodiimide, and 4.15 µM HSA/BSA were dissolved into pH 6.0 triple distilled water (10 mL). The mixture solution respectively was stirred at room temperature in the dark for 2 hr, then incubated at 4 µC for 14 hr. Finally, the solution was dialyzed with 0.01M phosphate buffer saline (PBS, pH 7.4) at 4 °C for six days; GCM was followed as 40 mg of each β-lactam antibiotics and 40 mg HSA/BSA were dissolved into 0.01 M, pH 6.5 PBS (10 mL), then 200 μL, 25% glutaraldehyde solution was added into the above solution and stirred at room temperature in the dark for 6 hr. Finally, the solution was dialyzed with 0.01M PBS (pH 7.4) at 4 °C for six days; PCM was followed as 1.0g of each β-lactam antibiotics and 0.25g HSA/BSA were dissolved into 0.008 M, pH 8.5 pentobarbituric acid (10 mL) at 37 °C for 24 hr, then the solution was dialyzed with 0.01 M PBS (pH 7.4) at 4 µC for six days [15] [16] [17] . Finally, these conjugates were determined the protein concentrations by using the Coomassie plus protein assay reagent kit (Pierce, Rockford, IL, USA). These conjugates were condensed with the Speed Vac SC 110-120 (Savant, Holbrook, NY, USA) and stored at -80 °C until use.
that was set the wavelength of 210 nm (LC295) (Perkin-Elmer, Bridgeport, CT, USA) [14] . Analysis was performed by a chromatointegrator (PE Nelson 1022; Perkin-Elmer). 
Preparation of β-lactam antibiotics-HSA/BSA conjugates
Results
First, 0.5 mg/mL BSA or HSA (20 μL) was respectively injected into the HPLC system and the obvious peak time of BSA or HSA was detected via ultraviolet detector. Results showed an obvious peak of BSA or HSA at 4. 
Journal of Antibiotics Research
In addition, we have detected AMX-BSA conjugates (20 μL) that conjugated respectively via CCM, GCM, and PCM. Results showed that there were obvious peaks of AMX-BSA conjugates at 5.863, 5.810, and 5.783 min, respectively (Figures 2B-D); detection of AM-BSA conjugates (20 μL) that respectively conjugated via CCM, GCM, and PCM. Results showed there were obvious peaks of AM-BSA conjugates at 5.773, 5.813, and 5.813 min, respectively ( Figures 3B-D) ; detection of PG-BSA conjugate (20 μL) that respectively conjugated via CCM, GCM, and PCM. Results showed there were obvious peaks of PG-BSA conjugates at 5.827, 5.750, and 5.840 min, respectively ( Figures 4B-D) . UV detector. Results revealed that there were obvious peaks of AMX respectively at 5.057 min ( Figure 2B ) and 7.703 min ( Figure 5B ); AM peaks were at 6.920 min ( Figure 3B ) and 8.777 min ( Figure 6B ), respectively; PG peaks were respectively at 9.160 min ( Figure 4B ) and 7.943 min ( Figure  7B ). 
The obvious peaks of these conjugates were obviously separated from BSA or HSA. Furthermore, no other peaks of proteins were observed during the conjugates detection. Thus, β-lactam antibiotics (AMX, AM, and PG) and SA (HSA and BSA) conjugation based on three conjugated methods, CCM, GCM, and PCM and detection method, HPLC with UV detector, were able to successfully detect β-lactam antibiotics-SA conjugates. 
Discussion
Recently, the recognition and binding of β-lactam antibiotics to SA may be one of the most concerned issues for people. Recognition and binding of β-lactam antibiotics to biomacromolecules as SA have high interest in both academic and industrial life science research. This information can not only provide the useful data on the pharmacologics of β-lactam antibiotics in the body, but also illustrate some new insights for the innovative clinical medication and new β-lactam antibiotics design with special pharmacological property [18] . β-lactam antibiotics, such as AMX, AM, PG, cefoperazone, and cefotaxime, are widely used for the treatment of bacterial infections in human and animals [19] . Additionally, antibiotics are applied in the livestock and aquaculture must be careful because their wide application in animals represents a potentialhazard that residues of these antibiotics may persist in edible tissues or foodstuffs. Therefore, development of a simple, rapid, reliable, and economical technique for the detection of β-lactam antibiotics-SA conjugates was need. Especially, the technique will be applied in the livestock and aquaculture farms in clinical.
SA is the most abundant proteins in blood plasma and act as the main carriers in the blood circulatory system. Thus, their ligands included drugs, fatty acids, hormones and other biological active compounds in the body [18] . Currently, BSA has become one of the most extensively used proteins in evaluating the interactions between drugs and proteins due to its water solubility, versatile binding ability, functional properties and structural homology (80%) with HSA [19] [20] [21] . It has been reported that the effect of the same kind of drugs such as antibiotics showed very similar binding properties with BSA and HSA [22] [23] . In this work, both BSA and HSA were respectively used as the conjugated proteins for β-lactam antibiotics-SA interaction study, which could provide the valuable references for the interaction of β-lactam antibiotics and HSA/BSA, respectively.
Several methods have been developed for the determination of β-lactam antibiotics in edible tissues or foodstuffs [18] . In this study, the conjugation of β-lactam antibiotics (AMX, AM, and PG) with HSA/BSA was successfully established by PCM, GCM, and CCM, respectively. These conjugates were analyzed by using HPLC with UV detector. Compared with the method employed by Duan and Yuan, Decroix et al., and Mayorga et al., our modified technique was easier and cheaper to use for detecting β-lactam antibiotics-HSA/BSA conjugates and estimating the degree of conjugation according to integrated areas [8, 24, 25] . According to the degree of conjugation, we could understand whether β-lactam antibiotics-HSA/BSA conjugation were already accomplished.
Antibiotics residues in edible tissues or foodstuffs is a very serious issue that was cornered with public health concerns. Because β-lactam antibiotics are haptens, they must be conjugated with high MW carrier proteins to induce the production of anti-beta-lactam antibiotics antibodies [26] . Therefore, a detection method for the conjugation of β-lactam antibiotics and SA during the combination stage is needed. Wang et al. reported that the determination of ampicillin sodium in the presence of HSA with spectrofluorometer was a sensitive and selective method [27] . The maximum emission wavelength of ampicillin sodium was at 426 nm with excitation at 254 nm. Determination of ampicillin and ampicillin-BSA with GCM via its absorbance at 280 nm and defined the coupling efficiency using the bicinchoninic acid assay [15, 28] . Duan and Yuan indicated that the absorption wavelength for ciprofloxacin-BSA and BSA was 271 nm and 275 nm, respectively. Pauillac et al. revealed that the wavelength of 200 to 300 nm in UV detector was suitable for the hapten (4-acetyl benzoic acid) and carrier protein (BSA) [8, 29] . Their results were showed that 4-acetyl benzoic acid had an absorption wavelength among 210 and 254 nm while BSA had an absorption wavelength between 210 and 280 nm. Hung et al. reported that the wavelength of 280 nm in UV detector and the excitation wavelength of 290 nm and an emission wavelength of 450 nm in fluorescence detector were used to detect the conjugation of fluoroquinolones and BSA [9] . In the present study, our results presented that the appropriate absorption wavelength of UV detector was 210 nm for three β-lactam antibiotics (AMX, AM, and PG), β-lactam antibiotics-SA conjugates, and SA.
Antibiotics are used to prevent and treat bacterial infections in human being and animals. Antibiotic resistance occurs when bacteria change in response to the use of these medicines. These antibiotic-resistant bacteria may infect humans and animals, and the infections they cause are harder to treat than those caused by non-resistant bacteria. Antibiotic resistance leads to higher medical costs, prolonged hospital stays, and increased mortality in human being, livestock, and aquaculture. The world urgently needs to change the way it prescribes and uses antibiotics. Even if new medicines are developed, antibiotic resistance will remain a major threat. In this study, a simple, rapid, and reliable technique was established to detect β-lactam antibiotics-conjugated SA. The developed technique may be a valuable tool for the detection of drug-carrier conjugated antigens, especially for three β-lactam antibiotics-SA conjugates. We hope that the technique will be applied to preliminarily detect the residues of β-lactam antibiotics may persist in edible tissues or foodstuffs in the livestock and aquaculture farms in clinical.
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